The use of lentiviral vectors for the genetic modification of embryonic chicken cells is regarded as one of the promising methods for producing transgenic poultry. In this case, it is very important to determine the regulatory elements of the ovalbumin gene, providing tissue-specificity and high transgene expression in cells of chicken oviduct. The aim of this work was to study the effect of the intron sequences and promoter of ovalbumin gene on tissue specificity and level of the transgene expression. For this purpose constructs based on lentiviral vector pWpxl, containing eGFP marker gene under control of the modified ovalbumin gene regulatory elements were obtained. Vector pW2.8 included a chromosomal DNA fragment of 2.8 kb comprising a first exon, intron sequence and part of the second exon of the ovalbumin gene; vector pW1.2 -chromosomal DNA fragment of 1.2 kb comprising a promoter and ovalbumin gene sequence (without the intron and the first exon) to the transcription initiation point; vectors pW131, pW225, pW315 -chromosomal DNA fragment, similar to the fragment of 1.2 kb in pW1.2 vector in which promoter (80 bp) was replaced by highly structured sequence of the birds -actin gene promoter region of 131, 225 or 315 bp respectively. The control vector pWCAGgfp included constitutive hybrid regulatory element comprising human cytomegalovirus early gene enhancer and birds' -actin gene promoter (CAG). Primary culture cells of chick oviduct and human fibrosarcoma cells 293T (control) were used as target cells for transfection. Viral preparation was added after a monolayer of cells reached concentration of 1-3½10 7 CFU/ml. eGFP expression was determined by fluorimetry in 72 hours after transfection. Low level of expression of eGFP gene controlled by chromosomal fragment of 2.8 kb leader region of the ovalbumin gene was confirmed in vitro using culture of chicken oviduct cells and 293T cell line: in vector pW2.8 recombinant protein expression level was up to 25 times lower compared to pWCAGgfp vector with a constitutive promoter CAG. Yet the eGFP expression levels for pW1.2 and pW2.8 constructs were identical, indicating the absence of introns' influence on the expression level of the recombinant DNA using this regulatory element. When the ovalbumin gene promoter was replaced by highly structured elements of -actin constitutive gene promoter the increase in the expression of eGFP in 2-3 times was observed, as well as the increased expression occurred with lengthening of the promoter region of -actin gene (vectors pW131, pW225, pW315). The achieved levels of expression with the use of exogenous -actin gene promoter were comparable with expression levels controlled by a constitutive promoter CAG, however when the promoter part of the ovalbumin gene was replaced by exogenous promoter (gene -actin), the deregulation of tissue-specific expression of eGFP was observed, indicating that transcription with tissue-specific ovalbumin promoter gene can be modulated or activated with exogenous enhancers.
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The use of viral vectors derived from recombinant retroviruses and lentiviruses for genetic modification of poultry is regarded as one of the promising methods for producing transgenic animals. The high efficacy of these vector systems for poultry transgenesis has been shown [1] [2] [3] [4] [5] [6] . One of the main directions in the transgenesis of poultry is the development of effective vector systems, which provide the high expression of recombinant protein in the oviduct cells to produce a transgenic product.
A significant expression of recombinant protein in the oviduct cells (up to several mg per ml) in transgenic animals (G 0 ) was achieved using gene constructs comprising constitutive promoters/enhancers, in particular the CMV (human cytomegalovirus) immediate-early gene enhancer/promoter and chicken -actin gene promoter [7] . However decreased expression of recombinant proteins in oviduct cells in subsequent generations (G 1 and G 2 ) was observed. A direct correlation between the expression of the recombinant product and a "gene dose" (the number of virus copies per cell genome) has been established, i.e. the intensive production of the transgenic product in organs and tissues of genetically modified animals increases the risk of physiological defects [8] [9] [10] .
A solution to the problem may be the use of promoters providing tissuespecific expression of recombinant genes as a part of gene constructs. As a promising approach is considered the use of regulatory elements that control egg ovalbumin synthesis, in particular the 7.5 and 2.8 kbp chromosomal DNA fragments flanking the 5'-end of the ovalbumin gene [11] [12] [13] [14] [15] . A stable tissue-specific expression of the recombinant gene in several generations of transgenic birds was observed when these DNA fragments were included in the gene constructs. However, the synthesis of the recombinant product was 20-50 times lower compared to the results obtained when using constitutive promoters [16] . It indicates the effect on the ovalbumin synthesis regulation system from several regulatory elements located both inside and next to or outside the structural gene.
We first attempted to investigate the extent of tissue-specific gene expression using various modifications of the 2.8 kbp chromosomal DNA fragment that included about 1.2 kbp located upstream of the initiation point of transcription and 1.6 kbp, including the first two exons and an intron of the ovalbumin gene.
The aim of the present work was to study the effect of the intron sequences and promoter of ovalbumin gene contained in the gene constructs on the tissue specificity and expression of recombinant DNA.
Technique. We used a modified lentiviral vector system of the second generation, which included three plasmids, such as psPAX2 (encodes gag and pol genes, is a classic packer), pLPG (encodes a surface glycoprotein G of vesicular stomatitis virus VVS-G) and pWPXL (contains eGFP gene, the enhanced green fluorescence protein), under the control of a promoter of human RNA polymerase II elongation factor-1 hEF1, serves as a self-inactivating lentiviral vector) [17] . The pWCAGgfp, pW2.8, pW1.2, pW131, pW225 and pW315 vectors were constructed based on the pWPXL plasmid, lentiviral vectors are standard molecular cloning techniques [18] .
To obtain a recombinant virus and determine viral titers, the cell line 293T was used. Cells were cultured in the DMEM medium (Dlbecco's Modified Eagle's Medium), containing fetal calf serum (10 %), L-glutamine (2 mM), penicillin (100 U/ml), streptomycin (100 μg/ml) in an atmosphere of 5 % CO 2 at a temperature of 37 С. Viral preparations were concentrated, subjecting the culture supernatants to ultracentrifugation (70,000 g, 120 min, +4 С), pellets were resuspended in the TNE buffer (50 mM Tris-HCl, pH 7.8; 130 mM NaCl; 1 mM Na 2 -EDTA). The physical titers of viral vectors were determined by a quantitative real-time PCR using the MiniOpticon TM analyzer (Bio-Rad, USA), and the biological titre of the virus -according to G. Tiscornia et al. [19] . These viral preparations used for primary culture of chicken oviduct cells infected according to the procedure [20] .
The primary culture of chick oviduct cells and human fibrosarcoma cells 293T (control) were used as target cells for transfection. Viral preparation (1-3 CFU/ml) was added after cells reached a monolayer. eGFP fluorescence was measured using the FACSCanto flow cytometer (BD, USA), with a set of filters  = 480-490 nm (excitation) and  = 510 nm (emission), 72 hours after transfection. To account the expression of eGFP, the mean fluorescence intensity (MFI) of cells with expression constructs was determined compared to the original cells.
Results. Based on the pWpxl lentiviral vector, five gene expression constructs were derived containing the eGFP marker gene under control of the modified ovalbumin gene regulatory elements (Table 1 ).
A characterization of gene constructs derived from lentiviral vector pWpxl (eGFP used as a structural gene)
Vector Regulatory elements pW2.8 2.8 kbp, includes the first exon, first intron and a part of the second exon of the ovalbumin gene pW1.2 1.2 kbp, includes a promoter and a sequence (without the intron and the first exon) of the ovalbumin gene upstream to the initiation point of transcription pW131 1.2 kbp, similarly to pW1.2, the promoter part (80 bp) was replaced by 131 bps of a highly structured sequence of the promoter region of the chicken -actin gene pW225 1.3 kbp, similarly to pW1.2, the promoter part (80 bps) was replaced by 225 bps of a highly structured sequence of the promoter region of the chicken -actin gene pW315 1.4 kbp, similarly to pW1.2, the promoter part (80 bps) was replaced by 315 bps of a highly structured sequence of the promoter region of the chicken -actin gene
The control was the pWCAGgfp vector we obtained previously (Figure) , which contained the eGFP gene and a hybrid constitutive regulatory element comprising the CMV (human cytomegalovirus) immediate-early gene enhancer and chicken -actin gene promoter [21] .
The structure of pWCAG lentiviral expression vector. LTR, LTR/sin (long terminal repeat; sin, self-inactivating): 5-LTR -wild type, 3-LTR/sin -self-inactivating variant. SD, SA -splice donor and splice acceptor sites; psi -a region responsible for virion packaging of the viral RNA; RRE -Rev-responsible element, a binding site of the Rev-protein, carrying out transport of the genomic RNA molecule from the nucleus to the cytoplasm; cPPT -central polypurine tract participating in the transport of the pre-integration complex to the cell nucleus; eGFP -enhanced green fluorescence protein; WPRE -Woodchuck hepatitis virus post-transcriptional regulatory element. P CAG -the hybrid human cytomegalovirus immediate-early gene enhancer/chicken -actin gene promoter. SalI, PacI -restriction sites that were used to clone regulatory elements.
Plasmid DNA of viral vectors, as well as of the packer and VVS-G was isolated in the preparative amounts, then fine purified and assayed to determine the optimal ratio between the components during transfection. When producing viral preparations, a three-plasmid vector system was injected transiently into human cells (293T line) via CaPO 4 -precipitation. For each of the expression constructs, we derived preparations with high viral titers (1-3½10 7 CFU/ml) for their further introduction into target cells.
The mean fluorescence intensity in the chicken oviduct cell culture using pWCAGgfp vector with a constitutive promoter/enhancer CAG was 89 times higher than the background intensity in the control (Table 2) . When vectors pW2.8 and pW1.2 were introduced into the target cells along with ovalbumin gene regulatory elements, the eGFP expression exceeded the control values by 3.5 times, and was 25 times lower than in the case of a constitutive promoter. The inclusion of highly structured elements of the constitutive promoter -actin gene (pW131, pW225 and pW313 vectors) in the ovalbumin gene regulatory elements contributed to a 7.8-14.8-fold increase of expression of the recombinant gene. To assess the tissue specificity of the obtained vectors and identify the regulatory elements in the leader region of the ovalbumin gene that are responsible for tissue-specific expression, the vectors prepared were introduced into heterologous 293T cells (human fibrosarcoma cells) by infection. Expression levels of the eGFP marker gene were determined for different expression cassettes. The expression of the marker gene in transfected cells using the pWCAGgfp vector was virtually identical to that obtained in chicken oviduct cells. However, given the relatively high background fluorescence, only a 20-fold excess of control values was found in the test samples. When pW2.8 and pW1.2 vectors, carrying the chromosomal fragments of ovalbumin gene, were introduced, mean fluorescence intensity in the test samples did not differ from the background fluorescence, indicating the lack of expression of the eGFP gene as a result of tissue specificity of the constructs. A 2.5-4.0-fold increase of mean fluorescence in the test samples was observed in the case of pW131, pW225 and pW315 vectors containing fragments of the promoter sequence of the -actin gene in the composition of the regulatory elements of the ovalbumin gene. And the portion of fluorescent cells in this case amounted up to 35 % (for pW2.8 and pW1.2 it was 0.65-1.70 %), which indicates a lack of tissue specificity in the used vectors.
Therefore, the results confirmed the low expression of recombinant genes when using regulatory elements of the 2.8 kb chromosomal DNA fragment from the leader region of the ovalbumin gene. This value was about 25 times lower than for a vector with a constitutive promoter CAG. The level of the eGFP expression in the pW2.8 and pW1.2 constructs was identical, suggesting no influence of the intron on the expression if this regulatory element concerned. The substitution of the ovalbumin gene promoter with highly structured elements of the constitutive promoter of the -actin gene contributed to a significant increase in the expression of the recombinant gene. The effect of the expression gain was identified when the promoter region of the -actin gene extended. However, the substitution of the promoter part of the ovalbumin gene with an exogenous promoter (the -actin gene promoter) resulted in the deregulation of the tissue-specific expression of eGFP.
